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We report the effects of post-deposition, reducing atmosphere heat treatment on the optical
absorption, and photoluminescence response of 45 GeOa-55 SiOZ thin films produced using the
sol-gel process. With increasing heat treatment, a linear increase in the 242 nm absorption peak
(associated with oxygen-deficient germania centers) is found to contrast a reduction in the intensity
of red photoluminescence (attributed to hydrogen centers in the glass structure). These results are
discussed in terms of the photosensitive response of these materials.

The effect of oxidizing and reducing exposures on the
absorption and luminescence behavior of germanosilicate
glasses has been the subject of several studies examining
defect formation processes’ and transmission loss mechanisms in optical fibers’-’ where hydroxyl formation, arising
from the interaction of an optical fiber with the environment,
is a major concern. Several optical absorption and photoluminescence bands found to grow after such treatments have
been associated with hydrogen content in the material.2-5
More recently, interest has grown concerning the effect of
hydrogen exposure on photosensitivity in germania-doped
silica. Reducing atmosphere treatments have been shown to
significantly affect photosensitive processes in fiber6-8 and
planargp10waveguides. In this research, exposure of germanosilicate waveguides to hydrogen was seen to increase the
ultraviolet (W) absorption loss of the material as well as the
material photosensitivity. These results are supported by
studies which have associated the permanent change in the
material refractive index seen in photosensitive germaniadoped silica after exposure to W or visible light, with presence of oxygen-deficient germania centers in the glass
structure11~12which absorb in the W at approximately 242
nm~1,13,14

In this letter, we report on laser-excited photoluminescence data obtained iu a waveguide geometry from sol-gelderived germania-silica films whose photosensitive response
was previously examined.g Several samples were heat treated
under a hydrogen-containing atmosphere for different time
periods to induce varied degrees of oxygen-deficiency and
hydrogen-center concentrations in the films. The intensity of
photoluminescence bands observed in the red region is correlated to heat-treatment time and also to optical absorption
information obtained in the W from these samples. The purpose of conducting such an investigation was to attempt to
locate a luminescent band associated with the strong W
absorption features identified by earlier absorption loss
measurements.g It was hoped that excitation of the UV bands
could be achieved via two-photon absorption of the 488 mn
pump coupled into the guides in the same manner as
LaRochelle.8 In addition, red luminescence was investigated
‘)Department of Materials Science and Engineering, University of Florida,
Gainesville, Florida 32611 (currently at Sandia National Laboratories, Albuquerque, NM 87185).
Appl. Phys. Lett. 64 (19), 9 May 1994

in an attempt to obtain some information about the influence
of hydrogen on the sample structure.
Germania-silica sol-gel films were deposited to fused
silica slides using the dip-coating process. The precise sol
preparation, deposition, and firing conditions have been presented previously and will not be reproduced here.15 Film
stoichiometry was held constant at 45 mol % GeO, 55 mol %
Si02. Following preparation, individual films were subjected
to heat treatment under a flowing H.-JN2 atmosphere (volume
ratio: l/20) for 0.5, 1, and 2 h at 550 “C. Thermal treatment
was performed in a silica-lined muffle tube furnace with helium gas used as a purge to halt the reaction process after the
required time periods. The films thus produced exhibit linear
optical losses of l-2 dB/cm at 488 nm with no apparent
degradation due to the reducing atmosphere treatment.
Both before and after hydrogen treatment, optical absorption spectra were obtained normal to the film plane using
a Perkin-Elmer Lambda 9, dual-beam spectrophotometer.
Photolumiuescence (PL) was collected in a waveguide
geometry15 using the 200 mW, 488 nm beam of an Ar-ion
laser as an excitation source. The excitation beam was focused to a 300 pm spot size and prism coupled into the
planar waveguide. Emitted radiation was collected normal to
the propagation direction of the guided beam with the streak
imaged onto the slit of a 1 m, double monochromator
equipped with a water-cooled photomultiplier. The absence
of a counterpropagating beam, necessary for grating growth,
prevented the formation of photosensitive gratings within the
film which might have complicated the interpretation of the
PL signal.
Figure 1 contains optical absorption data, obtained in the
UV region of the spectrum, from the films in this study. The
small oscillations in the figure were seen to change position
with incidence angle of the spectrophotometer beam and,
hence, are attributed to Fabry-Perot interference within the
plane of the film. The bands located at approximately 200
and 240 mn in the spectra did not shift with incidence angle
and correspond to absorption. Curve fitting techniques were
employed to obtain the component absorption peak areas.
The integrated peak intensity of the absorption band located
near 240 mn is given as a function of heat-treatment time in
the insert in the figure. The error bars in the -msert arise from
uncertainty in the curve fitting. Clearly it appears that there is
a linear relationship between the 240 mn absorption and hy-
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FIG. 1. W absorption spectra for sol-gel thin-film waveguide samples that
treated at 550 T under a flowing H#$ (1:20 volume ratio) atmosphere.
Samples (a)-(d) represent data for 45 mol % germania films. Heat-treatment
schedules are as follows: (a) 2 h; (b) 1 h; (c) 30 min. ~@) as-deposited
sample, no heat treatment. Insert shows the integrated intensity of the W
absorption band located near 240 nm in the spectra. Error bars arise from
uncertainty in the curve fitting analysis of the data. The dashed line represents a linear fit to the data.

drogen exposure time. Given the general association of this
band with one or more oxygen deficient germania centers in
the glass structure,“13’14 the reducing atmosphere heat treatment does appear to increase the relative concentration of
these centers. Furthermore, if the area of this peak is assumed to scale with the oxygen-deficient defect center population 9 the lack of a t112 heat-treatment-time dependence is in
agreement with Ref. 5, and indicates that. the reaction rate to
form these centers is not difFusion controlled.
The behavior of the W absorption specta contrasts the
effect observed for photoluminescence collected in the red
wavelength region. In Fig. 2, a clear increase in the photoluminescence intensity in the 550-750 nm range is observed
from the as-deposited sample to the 30 min heat-treated
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FIG. 2. Red luminescence for 0.45Ge0,-0.55Si02 sol-gel thin-e
waveguides exposed to post-fabrication hydrogen treatments for varying
lengths of time. The curves have been normalized to the Raman intensity at
1100 cm-’ shift (516 nm). Curves (a)-(d) represent data for the 2 h, 1 h, 0.5
h, and as-deposited samples, respectively.
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sample followed by a strong decrease in PL with treatment
times greater than 30 min. The spectra have been normalized
using the Stokes-shifted Raman response of the samples at
1100 Z-1 shift which has been found to be relatively insensitive to heat-treatment time.” In addition, repeated scans in
one spot, as well as across the sample, demonstrated that the
data were reproducible and exhibited no bleaching of the
observed luminescence with time of exposure. The wavelength_response of the spectrophotometer detection system
was also considered in the analysis. Attempts were made to
detect luminescence in the 400 mn region, associated with
240 nm absorption however no signal was observed. This
finding is not surprising considering the relatively low optical pow& densities in the films and that excitation of the
band would rely upon two-photon absorption of the pump in
our experimental configuration.
Analysis of the PL data reveals that two major components of the spectra presented in Fig. 2 are common to all
data sets for the heat-treated specimens: a relatively narrow
peak at approximately 602 mn and a broad, featureless band
centered in the range of 650-700 nm and extending past 800
nm. The PL spectrum- of the as-deposited film is featureless
in this wavelength range. In an effort to further quantify the
effects of heat treatment on the PL spectra, a curve-fitting
routine was also employed in the data analysis. A minimum
of three Gaussian peaks were required to obtain a satisfactory fit to the experimental data. Consistent among the heattreated specimens was a narrow band (FWHM -20 nm) tentered at=602 nm. The other two peaks centered at 636 and
729 nm make up the broad-band luminescence seen in the
-figure. Previous researchers have observed somewhat similar
red emission bands (located at 620 and 680 mn) in H2 exposed fiber preforms, and have attributed the bands to germy1 radicals.4 For the total PL spectrum it appears that, although initial heat treatment under reducing conditions does
increase the concentration of centers associated with the observed bands (assuming that the emission intensity scales
with concentration), further increases in hydrogen concentration tend to quench this luminescence in these samples. The
precise mechanism for the quenching effect is unclear but
may be the result of the sequential addition of another hydrogen to germanium at higher hydrogen concentrations.
Such a process may render the center optically inactive or
may shift the emission frequency out of the present window
of observation. Alternatively, it is possible that the addition
of more hydrogen induces absorption bands within this
wavelength range, thus decreasing the observed luminescence intensity. However, no evidence for increased absorption was seen in this range in the measured absorption spectra for these samples. Finally, PL studies of films containing
10 mol % Ge0,:90 mol % Si02, which would be anticipated
to show a stronger effect with H2 exposure if the defect were
silica associated, exhibited none of this PL. For this reason, it
may be concluded that the photoluminescence arises from
Ge related, and not Si related, sites.
Heat treatment of sol-gel-derived germania-silica thin
films under a hydrogen atmosphere has been found to significantly affect the intensity of absorption and luminescence
bands found in the W and red wavelength regions, respecSimmons, Potter, Jr., and Stegeman

tively. The intensity of the red luminescence is found to first
increase then decrease past heat-treatment times of 30 min at
550 “C while the 242 nm absorption band increases linearly
in the same samples. The decreasing red emission is attributed to a quenching of hydrogen center luminescence, possibly through the formation of higher hydrogen content germania centers whose optical activity is significantly different
from that of the precursor.
Of clear importance from the standpoint of the photosensitive response in this material is the apparent decoupling of
the optical absorption response at 242 nm and the red luminescence behavior. Contrary to the behavior of the 242 nm
absorption band, the red emission does not exhibit a general
increase in intensity with hydrogen treatment. Since these
samples are known to exhibit an increased photosensitive
response with increasing hydrogen treatment,g it is apparent
that the intensity of the red luminescence, and the presence
of the corresponding hydrogen associated defect centers,
cannot be correlated to the degree of photosensitivity exhibited by the samples. This further substantiates the association
of photosensitive processes in these materials with the
oxygen-deficient center responsible for the observed ultraviolet absorption.
The authors wish to thank Dr. J. H. Simmons for many
enlightening discussions concerning this work. Partial sup-
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